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tn a bulk material analyzer in which buik 
material (38) is transported on a conveyor belt 
(40) through an activation region (34) between a 
pair of neutron sources (14) laterally disposed 
on one side of the activation region for emitting 
neutrons for bombatjing the bulk material with- 
in the activation region to cause gamma-rays to 
be emitted from the t>ombarded bulk material 
and a pair of gamma-ray detectors (16) laterally 
disposed on another side of the activation reg- 
k>n for detecting gamma-rays emitted from the 
bulk material, a primary neutron moderator (20) 
is disposed about the neutron sources for re- 
ducing the velocity of Jthe emitted neutrons ; 
and a secondary neutron moderator (22) is 
disposed about the primary neutron moderator 
for further reducing the velocity of the neutrons 
and is further disposed adjacent the lateral 
edges of the activation region for channeling 
and reflecting the neutrons into the activation 
regk>n. The two gamma-ray detectors are dis- 
pose toward opposite lateral edges of the 
activation region, with each detector being 
skewed so that a portion of each detector that is 
doser to the edge of the activation region 
toward which the detector is disposed than to 
the lateral center of the activation region is 
disposed closer to a plane passing laterally 
through the center of the activation region than 
is another portion of each detector tiiat is closer 
to the lateral center of the activation regbn than 
to the edge of the activation region toward 



which the detector is disposed. Spatial compen- 
sators (27) of primarily neutron moderating 
material are respectively disposed over the 
detectors for gradually reflecting neutrons 
toward the activation region, with reflection 
increasing in a directton away from the lateral 
center of the activation regton. Bladders (62) 
containing a liquid primary neutron moderating 
material that expands and contracts with tem- 
perature variations, such as heavy water, are 
tightiy packed within a compartment (60) for 
maintaining a substantial quantity of the liquid 
material between the neutron sources and the 
activatk)n region notwithstanding tiienmal 
contraction of the liquid material ; and a resi- 
lient compressible foam (64) is disposed about 
the bladders for enabling the tight packing of 
tiie liquid material to be maintained notwiths- 
tanding expansion and contraction of the liquid 
material. 
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BACKGROUND OF THE INVENTION 

The present invention generally pertains to bulk 
material analyzers and is particularly directed to Inrv 
proving the spatial uniformity of gamma-ray detection 
in bulk material analyzers of the type in which the bulk 
material is bombarded by neutrons within an activa- 
tion regton. 

Bulk material analyzers are used to measure the 
elemental content of bulk materials. One type of bulk 
material analyzer includes one or more neutron 
sources and one or more gamma-ray detectors. 
When the bulk material within an activation regk>n be- 
tween at least one neutron source disposed on one 
side of the activatton region and at least one gamma- 
ray detector disposed on another side of the activa- 
tion region opposite from said one side is bombarded 
by neutrons, secondary emissions of gamma-rays 
are produced from the bulk material and detected by 
the gamma-ray detector(s). The gamnna-ray detec- 
tor(s) produce signals which are processed to provide 
an indication of the elemental content of the bulk ma- 
terial. Different characteristic gamma-ray energy 
spectra are produced from different elements in the 
bulk material. By processing detected signals that are 
indicative of the gamma-ray spectrum, a measure- 
ment is provided of the quantitative elemental content 
of the bulk material. This measurement process is 
known in the art as prompt gamma-ray neutron acti- 
vation analysis (PGNAA). 

In prior art bulk nrtateriai analyzers, the response 
of the gamma-ray detectors to gamnr^-ray emission 
from different areas of a cross-sectional profile of the 
activation region is extremely non-uniform, with said 
response being less for a given quantity of a given 
bulk material located near the edges of the activation 
region than for the same given quantity of the same 
given bulk material located at the center of the acti- 
vation region.. Therefore, the measured quantity of a 
given element within a non-homogeneous bulk mate- 
rial is dependent upon the particular location of such 
given element in a cross-secttonal profile of the acti- 
vation region. 

SUMMARY OF THE INVENTION 

The present invention provkles a bulk material 
analyzer in which measurement accuracy is en- 
hanced by improving the spatial uniformity of re- 
sponse by the gamma-ray detector(s) to gamma-ray 
emission from different areas of a cross-sectional 
profile of the activation region. 

The present invention provkles a bulk material 
analyzer in which bulk material is received in an acti- 
vation region between at least one neutron source 
and at least one gamma- ray detector, comprising a 
container having surfaces defining said activation re- 
gion, wherein the container surfaces further define a 



passageway for enabling bulk matenal to be trans- 
ported through said activation region on a conveyor 
belt; at least one neutron source disposed within the 
container beneath the passageway on one side of the 

5 activation region for emitting neutrons for bombard- 
ing bulk material being transported on a conveyor belt 
through said activation region to cause gamma-rays 
to be emitted from sakJ bombarded bulk material; at 
least one ganmia-ray detector disposed within the 

10 container above the passageway on another side of 
the activation region opposite from said one side for 
detecting gamma-rays emitted from said bulk materi- 
al; a primary neutron moderator disposed about said 
neutron source(s) for reducing the velocity of said 

IS emitted neutrons; and a secondary neutron modera- 
tor disposed about the primary neutron moderator for 
further reducing the velocity of said neutrons and fur- 
ther disposed adjacent a portion of the activation-re- 
gion-defining surfaces of the container that are lateral 

20 to said one side and said other opposite side of the ac- 
tivation regton at which the neutron source(s) and the 
gamma-ray detector(s) are respectively disposed, for 
channeling and reflecting said neutrons Into said ac- 
tivation region; wherein a lower portion of the passa- 

25 geway-defining surfaces define a trough having up- 
wardly extended sides adjacent said activation re- 
gion; and wherein the secondary neutron moderator 
is disposed adjacent the skJes of the trough for chan- 
neling and reflecting said neutrons Into said activa- 

30 tion region. 

The spatial unifomiity of response of the detec- 
tor(s) to gamma-ray emission from different areas of 
a cross-sectional profile of the activation region is fur- 
ther improved by providing at least two neutron sourc- 

35 es and/or at least two gamma-ray detectors. Prefer- 
ably, there are two neutron sources, which are sepa- 
rated laterally from the center of said one side of the 
activation region, and two said gamma-ray detectors, 
which are disposed toward opposite ends of said 

40 other opposite side of the activation region, with each 
detector being skewed so that a portion of each de- 
tector that Is closer to the end of said other opposite 
side toward which saki detector is disposed than to 
the center of said other opposite side is disposed dos- 

45 er to a plane parallel to said other opposite side and 
passing through the center of said activation region 
than is another portion of each detector that is closer 
to said center of said other opposite side than to said 
end of said other opposite side toward which said de- 

50 tector is disposed. 

The spatial uniformity of response of the detec- 
tor(s) to gamma-ray emission from different areas of 
a cross-sectional profile of the activation region is still 
further improved by providing spatial compensating 

55 means disposed adjacent said other opposite side of 
the activation region for reflecting neutrons toward 
said activation region at a greater density toward op- 
posite ends of said other opposite side than toward 
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the center of said other opposite side; and/or spatial 
compensators respectively disposed over the detec- 
tors for gradually attenuating gamma-ray detection by 
said detectors in accordance with proximity to the 
center of said other opposite side of said activation re- s 
gion, with said attenuation increasing in a direction to- 
ward the center of said other opposite side. 

The spatial uniformity of response of the detec- 
tor(s) to gamma-ray emission from different areas of 
a cross-sectional profile of the activation region is io 
also Improved by providing a tertiary neutron moder- 
ator disposed about the secondary neutron modera- 
tor for further reducing the velocity of said neutrons 
and for reflecting said neutrons into the secondary 
neutron moderator, and for isolating the secondary is 
neutron moderator from the radiation shielding mate- 
rial. The tertiary neutron moderator is aiso disposed 
adjacent radiation shielding material within the con- 
tainer for isolating the secondary neutron moderator 
from the radiation shielding material. 20 

In another aspect, the present invention provides 
a bu\k materiaJ analyzer in which bulk material is re- 
ceived in an activation region between at least one 
neutron source and at least one gamma-ray detector, 
comprising a container having surfaces defining said 25 
activation region; at least one neutron source dis- 
posed within the container on one side of the activa- 
tion region for emitting neutrons for bombarding bulk 
material within said activation region to cause ganr>- 
ma-rays to be emitted from said bombarded bulk ma- 30 
terial, at least one gamma-ray detector disposed with- 
in the container on another side of the activation re- 
gion opposite from said one side for detecting gam- 
ma-rays emitted from said bulk material; and a spatial 
compensator of primarily neutron moderating materi- 3S 
al disposed over said detector for gradually reflecting 
neutrons toward said activation region in accordance 
with proximity to the center of said other opposite side 
of said activation region, with said reflection increas- 
ing in a direction away from the center of said other 40 
opposite side. 

In still another aspect, the present invention pro- 
vides a bulk material analyzer in which bulk material 
is received in an activatton region between at least 
one neutron source and at least one gamma-ray de- 4S 
tector, comprising a container having surfaces defin- 
ing said activation region; at least one neutron source 
disposed within the container on one side of the acti- 
vation region for emitting neutrons for t>ombardlng 
bulk material within said activation region to cause 50 
gamma-rays to be emitted from said bombarded bulk 
material; at least one gamma-ray detector disposed 
within the container on another side of the activation 
region opposite from said one side for detecting gam- 
ma-rays emitted from said bulk material; a neutron 55 
moderator disposed about said neutron source(s) for 
reducing the velocity of said emitted neutrons and for 
reflecting said neutrons so that some of said neutrons 



enter said activation region; wherein the neutron 
moderator includes a liquid material that expands and 
contracts with variations in temperature, and wherein 
the container further defines a compartment for con- 
taining said liquid material; one or more bladders con- 
taining saki liquid material, wherein said bladder(s) 
are disposed by being tightly packed within said com- 
partment for maintaining a substantial quantity of 
said liquid material between said neutron source(s) 
and said activation region notwithstanding thermal 
contraction of said liquid material; and a resilient com- 
pressible material disposed about the bladder(s) for 
enabling said tight packing of said liquid material to be 
maintained notwithstanding expansion and contrac- 
tion of said liquid material. 

Additional features of the present Invention are 
described in relation to the detailed description of the 
preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 is a perepective view illustrating a pre- 
ferred embodiment the bulk material analyzer of the 
present invention with a conveyor belt transporting 
bulk material through the material analyzer assembly . 

Figure 2 is a sectional elevation taken along lines 

2- 2 showing the construction of the bulk material ana- 
lyzer adjacent the activation region. 

Figure 3 is a sectional elevation taken along lines 

3- 3 further showing the constructbn of the bulk ma- 
terial analyzer adjacent the activation region. 

Figure 4 is an enlarged view of the portion of the 
bulk material analyzer that includes the primary neu- 
tron moderator. 

DETAILED DESCRIPTION 

Referring to Figures 1 . 2 and 3, a preferred env 
bodiment of a bulk material analyzer according to the 
present invention includes a container 10, a data 
processor (not shown) within a separate housing 12, 
a pair of neutron sources 14, a pair of gamma-ray de- 
tectore 16, a gamma-ray shield 18. a primary neutron 
moderator 20, a secondary neutron moderator 22, a 
tertiary neutron moderator 24, spatial compensatora 
26, 27 and radiation shielding material 28. 

The container 10 has interior surfaces 30, 32 de- 
fining an activation region 34 between the neutron 
sources 14 and the gamma-ray detectora 16. Alower 
portion 30 of the passageway-defining surfeces 30, 
32 defines a trough 30 having upwardly extended 
sides adjacent the activation region 34. The container 
surfaces 30, 32 further define a passageway 36 for 
enabling bulk material 38 to be transported through 
the activation region 34 on a conveyor belt 40. 

The neutron sources 14 are disposed within the 
container 10 beneath the passageway 36 on one side 
of the activation region 34 for emitting neutrons for 
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bombarding bulk material 38 being transported on a 
conveyor belt 40 through the activation region 34 to 
cause gamma-rays to be emitted from the bombard- 
ed bulk material 38. The neutron sources 14 are in- 
serted through a tubular neutron source cavity 42 in 
the container 10 into selected positions beneath the 
passageway 36, and are separated laterally on oppo- 
site sides of the longitudinal axis of the passageway 
36. The neutron sources 16 are inserted into the neu- 
tron source cavity 42 through a door 44 in the contain- 
er 10. Lateral separation of the neutron sources 14 
suppresses the response of the gamma-ray detectors 
16 to a given quantity of a given bulk material 38 lo- 
cated at the center of the activation region 34. 

The gamma-ray detectors 16 are disposed within 
the container 10 above the passageway 36 on an- 
other side of the activation region 34 opposite from 
the one side for detecting gamma-rays emitted from 
the bombarded bulk material 38. The gamma-ray de- 
tectors 16 are inserted through detector cavities 46 in 
the container 10 into selected positions above the 
passageway 36. The gamma-ray detectors 16 are In- 
serted Into the detector cavities 46 through hatches 
48 in the container 10. Signals produced by the gam- 
ma-ray detectors 16 are provided by electrical cables 
50 to the data processor within the housing 12. 

The gamma-ray shield 18 Is a heavy metal, which 
is disposed within the container 1 0 about the neutron 
sources 14 for shielding the detectore 16 from gamma 
rays emitted from the neutron sources 14 so as to 
minimize detection by the detectors 16 of gamma rays 
from other than the bulk material 38 in the activation 
region 34. 

A neutron shield 52 is disposed about each ganrv 
ma-ray detector 1 6 for shielding the detectors 1 6 from 
stray neutrons so as to prevent detection by the de- 
tectors 1 6 of gamma rays secondarily emitted from 
within the gamma-ray detectors 16 as result of bom- 
bardment by neutrons of materials within the gamma- 
ray detectore 16. 

The primary neutron nHKierator 20 is disposed 
about the neutron sources 14 for reducing the velocity 
of the neutrons emitted from the neutron sources 14. 
Reduction of neutron velocity enhances capture of 
the neutrons by the bulk material 38 so as to produce 
gammd-ray emission from the bulk material 38. 

The secondary neutron moderator 22 is disposed 
about the primary neutron moderator 20 for further 
reducing the velocity of neutrons emitted from the 
neutron sourciBS 14. The secondary nraderator 22 is 
further disposed adjacent the sides of the trough 30 
for channeling and reflecting the slower neutrons into 
the activation region 34 to thereby enhance the re- 
sponse of the gamma-ray detectore 16 for a given 
quantity of a given bulk material 38 located near the 
edges of the activation region 34. 

The portion of the trough 30 adjacent the primary 
moderator 20 and the secondary neutron moderator 



22 is made of a neutron transmissive material that en- 
ables the neutrons to diffuse into the acth^atlon re- 
gion 34 from the primary moderator 20 and the sec- 
ondary neutron moderator 22. 

5 The tertiary neutron moderator 24 is disposed 

about the secondary neutron moderator 22 and adja- 
cent the radiation shielding material 28 for further re- 
ducing the velocity of the neutrons, for reflecting the 
neutrons into the secondary neutron moderator 22, 

10 and for isolating the secondary neutron moderator 22 
from the radiation shielding material 28, which would 
absorb the neutrons, rather than reflect the neutrons. 

The two gamma-ray detectore 16 are disposed 
toward opposite ends of the other opposite side of the 

IS activation regk>n 34, with each detector 16 being 
skewed so that a portton of each detector 16 that is 
closer to the end of the other opposite side toward 
which the detector 16 is disposed than to the center 
of the other opposite side is disposed doser to a plane 

20 54 parallel to the other opposite side and passing 
through the center of the activation region 34 than is 
another portion of each detector 16 that is closer to 
the center of the other opposite side than to the end 
of the other opposite side toward which said detector 

25 16 is disposed. Such skewing of the gamma-ray de- 
tectore 16 further enhances the response of the gam- 
ma-ray detectore 16 for a given quantity of a given 
bulk material 38 located near the edges of the activa- 
tion region 34, and also suppresses the response of 

30 the gamma-ray detectore 16 to said given quantity of 
said given bulk material 38 located at the center of the 
activation region 34. 

Still additional enhancement of the response of 
the gamma-ray detectors 1 6 for a given quantity of a 

35 given bulk material 38 located near the edges of the 
activation region 34, and suppression of the response 
of the gamma-ray detectore 16 to said given quantity 
of said given bulk material 38 located at the center of 
the activation region 34 is provided by the spatial 

40 compensators 26, which are disposed near the edges 
of the activation region 34 and the spatial compensa- 
tore 27, which are disposed over the ends of the gam- 
ma-ray detectors 16 that are adjacent the activation 
region 34. 

45 In one embodiment, In which the spatial compen- 

satore 26, 27 are primarily neutron moderating mate- 
rial, the spatial compensatore 26, 27 are disposed ad- 
jacent said other opposite side of the activation region 
34 for reflecting neutrons toward the activation region 

so 34 at a greater density toward opposite ends of the 
other opposite side than toward the center of the other 
opposite side. The spatial compensatore 27 are 
wedges of neutron moderating material having a 
thickness that increases in a direction away from the 

55 center of the other opposite side of the activatk>n re- 
gion 34. as shown in Figure 2. 

In an alternative embodiment, the spatial conv 
pensatore 27 are respectively disposed over the ganv 
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ma-ray detectors 16 for gradually attenuating gam- 
ma-ray detection by the detectors 16 in accordance 
with proximity to the center of the other opposite side 
of the activation region 34. with said attenuation in- 
creasing in a direction toward the center of said other 
opposite side. The spatial compensators 27 are 
wedges of gamma-ray at>sorbing material having a 
thickness that decreases In a direction away from the 
center of the other opposite side of the acth^ation re- 
gion 34, which Is the opposite from that which is 
shown in Figure 2 for the neutron-reflecting material 
wedges. 

The number of neutron sources 14 and the num- 
ber of gamma-ray detectors 1 6 is dependent upon the 
width of the activation region 34. and may be in- 
creased beyond two neutron sources 14 and two 
gamma-ray detectors 16 as required to optimize the 
spatial uniformity of response by the gamma-ray de- 
tectors 16. 

The spatial uniformity of response Is also de- 
pendent upon the cross-sectional profile of the bulk 
material 38 on the conveyor belt 40 within the activa- 
tion region 34. as defined by the depth of the bulk ma- 
terial 38 at different lateral positions of a cross- 
section normal to the direction of movement of the 
conveyor belt 40. as shown in Figure 2. Accordingly, 
the disposition of the neutron sources 1 4 within the 
neutron source cavity 42 and the disposition of the 
gammarray detectors 16 within detector cavities 46 
may be adjusted in accordance with the cross- 
sectional profile of the bulk material 38 on the belt 40 
within the activation region 34. 

In one embodiment, a profile of the bulk material 
38 within the acth/ation region 34 Is determined con- 
tinuously as the bulk material 38 is being transpcMted 
by the conveyor belt 40 through the activation region 
34; and the dispositton of the neutron sources 14 
and/or the disposition of the gamma-ray detectors 16 
are dynamically adjusted in accordance with said de- 
termined profile. Said profile is determined by the 
data processor in the housing 12 in response to sig- 
nals provided by a sensing apparatus 56 disposed in 
advance of the activation regk>n 34 in the direction of 
movement of the conveyor belt 40; and the data proc- 
essor controls positioning apparatus (not shown) 
within the container 12 to dynamically adjust the dis- 
position of the neutron sources 14 and/or the dispos- 
ition of the gamma-ray detectors 16 in accordance 
with said determined profile so that when the bulk ma- 
terial 38 having the profile determined at the position 
of the sensing apparatus 56 reaches the activation re- 
gion 34, the neutron sources 14 and/or the gamma- 
ray detectors 16 are so disposed as to optimize the 
spatial uniformity of the response of the gamma-ray 
detectors 16. The sensing apparatus 56 may Include 
any commonly known distance and direction sensing 
means such as radar, sonar, or laser beam range find- 
ing equipment. 



In one preferred embodiment, the primary neu- 
tron moderator 20 includes a liquid material, such as 
heavy water D2O, that expands and contracts with va- 
riations in temperature. In this embodiment, the con- 

5 tainer 10 includes a set of side and bottom walls 58 
of secondary neutron moderating material defining a 
compartment 60 for containing the liquid primary 
moderator material 20, as shown in Figure 4. A pair of 
bladders 62 containing the liquid material 20 are dis- 

10 posed by being tightly packed within the compart- 
ment 60 for maintaimng a substantial quantity of the 
liquid primary moderator material 20 between the 
neutron sources 14 and the activation region 34 not- 
withstanding themnal contraction of the liquid prinriary 

IS moderator material 20. The bladders 62 are con- 
toured to fit tightly around the gamma-ray shield 18. 
A resilient compressible material 64, such as a closed 
cell foam is disposed about the bladders 62 for ena- 
bling such tight packing of the liquid primary moder- 

20 ator material 20 to be maintained notwithstanding ex- 
pansion and contraction of the liquid material 20. 



Claims 

25 

1. A bulk material analyzer in which bulk material is 
received in an acth/atlon region between at least 
one neutron source and at least one gamma-ray 
detector, comprising 

30 a container (10) having surfaces (30, 32) 

defining said activation region (34). wherein the 
container surfaces further define a passageway 
(36) for enabling bulk material (38) to be trans- 
ported through said activation region on a con- 

35 veyor belt (40); 

at least one neutron source (14) disposed 
within the container beneath the passageway on 
one side of the activation region for emitting neu- 
trons for bombarding bulk material being trans- 

40 ported on a conveyor belt through said activation 

regton to cause gamma-rays to be emitted from 
said bombarded bulk matenal; 

at least one gamma-ray detector (16) dis- 
posed within the container above the passage- 

45 way on another side of the activation regran op- 

posite from said one side for detecting gamma- 
rays emitted from said bulk material; 

a primary neutron moderator (20) dis- 
posed about said neutron source(s) for reducing 

50 the velocity of said emitted neutrons; and 

a secondary neutron moderator (22) dis- 
posed about the primary neutron moderator for 
further reducing the velocity of said neutrons and 
further disposed adjacent a portion of the active- 

55 tion-reglon-defining surfeces of the container 

that are lateral to said one side and said other op- 
posite side of the activation region at which the 
neutron source(s) and the gamma-ray detec- 
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tor(s) are respectively disposed, for channeling 
and reflecting said neutrons Into said activation 
region: 

wherein a lower portion of the passage- 
way-defining surfaces define a trough (30) hav- 
ing upwardly extended sides adjacent said acti- 
vation region; and 

wherein the secondary neutron moderator 
is disposed adjacent the sides of the trough for 
channeling and reflecting said neutrons into said 
activation region. 

2. A bulk material analyzer according to Claim 1. 
wherein two said gamma-ray detectors (16) are 
disposed toward opposite ends of said other op- 
posite side of the activation region (34), with each 
detector being skewed so that a portion of each 
detector that is closer to the end of said other op- 
posite side toward which said detector is dis- 
posed than to the center of sakJ other opposite 
side is disposed doser to a plane parallel to said 
other opposite side and passing through the cen- 
ter of said activation region than is another por- 
tion of each detector that is doser to said center 
of said other opposite side than to said end of said 
other opposite side toward which said detector is 
disposed. 

3. A bulk matenal analyzer according to Claim 1 or 
2. further comprising 

a pair of spatial compensators (27) of pri- 
marily neutron moderating material respectively 
disposed over the detectors (16) for gradually re- 
flecting neutrons toward said acth/atk>n regk>n 
(34) in accordance with proximity to the center of 
said other opposite side of said activation region, 
with said reflection increasing In a direction away 
from the center of said other opposite side. 

4. A bulk material analyzer according to Claim 3. 
wherein two said gamma-ray detectors (16) are 
disposed toward opposite ends of said other op- 
posite side of the activation region (34), with each 
detector being skewed so that a portion of each 
detector that is closer to the end of said other op- 
posite side toward which said detector is dis- 
posed than to the center of said other opposite 
side is disposed at a lesser height than is another 
portion of each detector that is doser to said cen- 
ter of said other opposite side than to said end of 
saki other opposite side toward which said detec- 
tor is disposed. 

5. A bulk material analyzer according to Claim 1 , 2 
or 4, further comprising 

spatial compensating means (26) dis- 
posed adjacent said other opposite side of the ac- 
tivation region (34) for reflecting neutrons toward 



said activation region at a greater density toward 
opposite ends of said other opposite side than to- 
ward the center of said other opposite side. 

5 6. A bulk material analyzer according to Claim 1 or 
5, further comprising 

radiation shielding material (28) disposed 
within the container, and 

a tertiary neutron moderator (24) dis- 

10 posed at)Out the secondary neutron moderator 

and adjacent the radiation shielding material for 
further reducing the velocity of said neutrons, for 
reflecting said neutrons into the secondary neu- 
tron moderator, and for isolating the secondary 

IS neutron nrraderator from the radiation shielding 

material. 

7. A bulk material analyzer according to Claim 6, 
wherein there are two said neutron sources (14), 

20 which are separated laterally on opposite sides of 

the longitudinal axis of the passageway (36). 

8. A bulk material analyzer according to Claim 1, 
wherein there are at least two said so disposed 

25 neutron sources (14) and/or at least two said so 

disposed gamma-ray detectors (16). 

9. A bulk material analyzer according to Claim 1, 
wherein a portkin of the trough (30) adjacent the 

30 primary neutron moderator (20) and the second- 

ary neutron moderator (22) is made of a neutron 
transmissive nr^terial that enables said neutrons 
to diffuse into said activation region (34) from the 
primary neutron moderator and the secondary 

35 neutron nnxlerator. 

10. A bulk material analyzer according to Claim 1, 
wherein the primary neutron moderator (20) in- 
cludes a liquid material that expands and con- 

40 tracts with variations in temperature, and where- 

in the container further defines a compartment 
(60) for containing said liquid material, the analyz- 
er further comprising 

one or more bladders (62) containing said 

46 liquid material, wherein said bladder(s) are dis- 

posed by being tightly packed within said conv- 
partment for maintaining a substantial quantity of 
said liqukj material between sakl neutron 
source(s) (14) and said activation region (34) not- 

50 withstanding thermal contraction of said liquid 

material; and 

a resilient compressible material (64) dis- 
posed about the bladder(s) for enabling said tight 
packing of said liquid material to be maintained 

55 notwithstanding expansion and contraction of 

said liquid material 

11. A bulk material analyzer in which bulk material is 
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received in an activation region between at least 
one neutron source and at least one gamnna-ray 
detector, comprising 

a container (10) having surfaces (30, 32) 
defining said activation region (34); 

at least one neutron source (14) disposed 
within the container on one side of the activation 
region for emitting neutrons for bombarding bulk 
material within said activation region to cause 
gamma-rays to be emitted from said bombarded 
bulk material; 

at least one gamma-ray detector (1 6) dis- 
posed within the container on another side of the 
activation region opposite from said one side for 
detecting gamma-rays emitted from said bulk 
material; and 

a spatial compensator of primarily neutron 
moderating material (27) disposed over said de- 
tector for gradually reflecting neutrons toward 
said activation region in accordance with proxim- 
ity to the center of said other opposite side of said 
activation region, with said reflection increasing 
in a dfrectton away from the center of said other 
opposite side. 

12. A bulk material analyzer in which bulk material is 
received in an activation region between at least 
one neutron source and at least one gamma-ray 
detector, comprising 

a container (10) having surfaces (30, 32) 
defining said acth^tion region (34); 

at least one neutron source (14) disposed 
within the container on one side of the activation 
region for emitting neutrons for bombarding bulk 
material within said activation region to cause 
gamma-rays to be emitted from said bombarded 
bulk material; 

at least one gamma-ray detector (16) dis- 
posed within the container on another side of the 
activation region opposite from said one side for 
detecting gamma-rays emitted from said bulk 
material; 

a neutron moderator (20) disposed about 
said neutron sourjce(s) for reducing the velocity of 
said emitted neutrons and for reflecting said neu- 
trons so that some of said neutrons enter said ac- 
tivation region; 

wherein the neutron moderator includes a 
liquid material that expands and contracts with 
variations in temperature, and wherein the con- 
tainer further defines a compartment (60) for 
containing said liquid material; and 

one or more bladders (62) containing said 
liquid material, wherein said bladder(s) are dis- 
posed by being tightly packed within said com- 
partment for maintaining a substantial quantity of 
said liquid material between said neutron 
source(s) and said activation region notwith- 



standing thermal contraction of said liquid mate- 
rial. 

13. A bulk material analyzer according to Claim 12, 
5 further comprising 

a resilient compressible material (64) dis- 
posed about the bladder(s) (62) for enabling said 
tight packing of said liquid material to be main- 
tained notwithstanding expansion and contrac- 
10 tion of said liquid material. 

14. A bulk material analyzer in which bulk material is 
received In an activation region between at least 
one neutron source and at least one gamma-ray 

15 detector, comprising 

a container (10) having surfaces (30, 32) 
defining said activation region (34); 

at least one neutron source (14) disposed 
within the container on one side of the activation 
20 region for emitting neutrons for t3omt>arding bulk 

material within said activation region to cause 
gamma-rays to be emitted from said bombarded 
bulk material; 

at least one gamma-ray detector (16) dis- 
25 posed within the container on another side of the 

activation region opposite from said one side for 
detecting gamma-rays emitted from said bulk 
material; 

a neutron moderator (20) disposed about 

30 said neutron source(s) for reducing the velocity of 

said emitted neutrons and for reflecting said neu- 
trons so that some of said neutrons enter said ac- 
tivatk>n region; 

wherein the neutron moderator includes a 

35 liquid material that expands and contracts with 

variations in temperature, wherein the container 
further defines a compartment (60) for containing 
said liquid material, artd wherein said liquid ma- 
terial is tightly packed within said compartment 

40 for maintaining a substantial quantity of said liq- 

uid material between said neutron source(s) and 
said activation regk^n notwithstanding thermal 
contraction of said liquid material; and 

a resilient compressible material (64) dla- 

45 posed about the liquid material for enabling said 

tight packing of sakl liquid material to be main- 
tained notwithstanding expansion and contrac- 
tion of said liquid material. 
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